Cosmlc Frontler Dark Matte?
Strategy

Aaron S. Chou for Snowmass 2021 Cosmic Frontier
7/21/2022

Dark Energy Camera image



theoretical ,

shoton [y E‘i a9 ) ev'e pmen t programsyst e
ac g

round

fi? number

Contac

_precision

Inf0|mat10n Pl d“ mus t proton

cnergle I l n C u l ng

' first
nu.t(:iﬁgé:brnl ue 'IL—.) methOdd01 org @StUd les . ety

FrieXper imen ta;;ai;a:m

Nat 1 Laborat
many cUrren aefif,’,rla. : ae\?ér?tor

enable scenario resolutlon avallable 4 experimental theory Q_
d fU Ireglon ' I ‘ wor
observatlon 3

allow
probe

gamma ray

make

present

orope ltleb

188S b@Som

given

pl"OpOSE

n

x1st1n

T produced

N
Q
1) st

esearch
) Department

",

parame

devel

SNOWMas s Improve y : performancema erlal UnlverSlty — oou
D wn e S u ]- t m cosmo]oquqT);_L a l ‘ N LE 8
ol Q -
i U reqU]?rfeld productlon l 37‘0><
level magnetic fie nature no O ; S(l;aa 1en 8--8 GJ
" rde r obser ed OnSt raint sterlle neutrlno
n needed
© Reference reach l
o im
H;Io—eratlm . SClence
= rate \arlou ot provides detectlon
-
e

Interestt““sen51t1v1t (1'S @ (Janalysis

structure 1nteraction tye neutrino oscillation
oo measur e Nnern T
Snowmass LOI Word Cloud
o eenal

mgﬁg examp edlff@r@ﬂtmws

Cosmic Acceleration

communlty

understanding



Dark Matter Strategy

 Dark matter poses a profound and exciting challenge to our
understanding of fundamental physics.

« Maximize the probability of discovery

* Delve Deep: Fully explore high-priority theoretical target regions (e.g.,
WIMPs and QCD axions).

 Search Wide: Deploy new techniques and pathfinder experiments to access
unexplored dark matter scenarios and lay the groundwork to go deep on
future targets.

 Dark Matter Crosses Boundaries: Complementarity across frontiers including
a vibrant theory program is critical for the discovery and characterization of
dark matter and dark sectors.



The range of DM masses being studied seriously by the community
spans many orders of magnitude
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Possible interaction strengths range from the scale of the standard
model to the scale of gravity
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Above ~1 eV, use sensitive detectors to search for the scattering,
absorption, decay, and annihilation of particle DM
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Above ~1 eV, use sensitive detectors to search for the scattering,
absorption, decay, and annihilation of particle DM
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Next-generation direct and
Indirect searches; new low-
threshold experiments.
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Below ~1 eV, use quantum sensing techniques to detect feeble
forces exerted by wave-like DM.
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Below ~1 eV, use quantum sensing techniques to detect feeble
forces exerted by wave-like DM.
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Cosmic observations can detect DM interactions in extreme
environments and through gravity alone.
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Cosmic probes from telescopes can detect DM interactions in
extreme environments and through gravity alone.
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Measure small dark matter halos; PeEE: (e
dark matter production in extreme UL
environments; searches for
primordial black holes...
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Delve Deep, Search Wide!

Dark Matter Mass
peV neV ueV meV eV keV MeV GeV TeV PeV

10M 4

classic

thermal DM WIMP

v. DM

self-interactions, dark radiation, light relics, etc

bosons

1}

fermions
wave-like DM particle-like DM



By the next Showmass—broad coverage including high
priority target regions.
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cf. Tracy Slatyer and Risa
Wechsler’s talks from
“Paths to Discovery” Session
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Or multiple discoveries in a rich dark sector!!!
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Dark Matter Strategy

 Dark matter poses a profound and exciting challenge to our
understanding of fundamental physics.

« Maximize the probability of discovery

* Delve Deep: Fully explore high-priority theoretical target regions (e.g.,
WIMPs and QCD axions).

 Search Wide: Deploy new techniques and pathfinder experiments to access
unexplored dark matter scenarios and lay the groundwork to go deep on
future targets.

 Dark Matter Crosses Boundaries: Complementarity across frontiers including
a vibrant theory program is critical for the discovery and characterization of
dark matter and dark sectors.
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Community Priorities

 CF1: Dark Matter Particle-Like
 Particle dark matter has strong theoretical motivation with tremendous discovery opportunity.
e Support for a diversity of experimental scale and technique maximizes the probability of discovery.

 Understanding how signals and backgrounds manifest is essential to enable discovery.
« CF2: Dark Matter Wave-Like

» Definitive search for the QCD axion.

 Pursue a theory and pathfinder program to elucidate the opportunities beyond the QCD axion.
 CF3: Dark Matter Cosmic Probes

 Support cosmic searches for dark matter with current/near-future cosmic surveys

 Future cosmic surveys are critical for expanding our understanding of dark matter

 Theory, simulation, observation and experiment must be supported together to maximize the
efficacy of cosmic probes.



